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Abstract. The relativistic nucleus-nucleus collisions can produce hyper-
nuclei and low-temperature hyper-matter as a result of hyperon capture
by nuclear residues and free nucleons. We use the transport, coalescence
and statistical models to describe the whole process, and point at the
important advantages of such reactions: A broad variety of formed hyper-
nuclei in masses and isospin allows for investigating properties of exotic
hypernuclei, as well as the hypermatter both at high and low temper-
atures. The abundant production of multi-strange nuclei that can give
an access to multi-hyperon systems and strange nuclear matter. The
de-excitation of hot hyper-cluster will allow for the hyperon correlation
studies. There is a saturation of the hypernuclei production at high en-
ergies, therefore, the optimal way to pursue this experimental study is
to use the accelerator facilities of intermediate energies.
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Embedding hyperons in the nuclear matter allows to explore the many-body
aspects of the strong three-flavor interaction (i.e., including u, d, and s quarks)
at low energies. Heavy hypernuclei open also opportunities to study the hyperon
interactions and properties of strange matter, that is important for nuclear as-
trophysics (e.g., in neutron stars). Many various hyperons (Λ,Σ,Ξ,Ω) are pro-
duced in relativistic nuclear collisions. These hyperons can be captured by the
produced baryons as well as by the projectile/target nuclear residues with the
formation of hypernuclei. In such deep-inelastic reactions leading to fragmenta-
tion processes one can form hypernuclei of all sizes and isospin content, that gives
advantages over traditional experimental hypernuclear methods. There are many
experimental collaborations (STAR at RHIC, ALICE at LHC, PANDA, CBM,
HypHI, Super-FRS, R3B at GSI/FAIR, BM@N, MPD at NICA) which plan to
investigate hypernuclei and their properties in reactions induced by relativistic
ions. The isospin space, particle unstable states, multi-strange nuclei and their
precise lifetime can be explored in these fragmentation reactions. It was the-
oretically demonstrated with numerous models [1,2,3,4,5,6,7,8] that in nuclear
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collisions one can produce all kind of hypernuclei including multi-strange and ex-
otic ones. Moreover the properties of the hypernuclei (e.g., the hyperon binding
energies) can be extracted directly from their yields [9]. There also exist exper-
imental confirmations of such processes leading to light hypernuclei [10,11,12]
and fission hypernuclei [13,14].
1 Formation of hypernuclei in relativistic ion collisions
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Fig. 1. The UrQMD plus CB model calculations of Au + Au and C + C ion collisions
integrated over all impact parameters. The laboratory energies, projectile and targets
are noted in panels. Left panels: Yields (per one inelastic event) of normal fragments
(solid lines with squares) and hyper-fragments with one captured Λ (notation H=1,
dashed lines with circles) versus their mass number (A). The dotted lines present the
corresponding fragments originated from the projectile/target spectator residues. Right
panels: Rapidity distributions (in the center of mass system, yc.m.) of all produced
hyper-fragments (solid lines) and, separately, the hyper-residues (dashed lines) [7].
In Fig. 1 we show our theoretical predictions on the fragment and Λ-hyper-
fragment production for the gold–gold and carbon–carbon relativistic collisions.
The dynamical reaction stage is calculated with the Ultrarelativistic Quantum
Molecular Dynamics (UrQMD) model, which is followed by the coalescence of
baryons (CB) model [7]. The suggested mechanisms are the following: Nucle-
ons of the projectile and target interact with binary collisions leading to the
production of new particle including resonances. As a result of primary and sec-
ondary interactions between the particles and other nucleons many hyperons
can be created. These hyperons can be captured by spectator residues consist-
ing of non-interacting (spectator) nucleons, therefore, big pieces of hypermatter
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around normal nuclear density are produced. Hyperons can also be captured by
other free baryons which are stochastically occurred in their vicinity at the dy-
namical stage. Such a condensation-like process is responsible for light clusters.
In these cases we expect mostly the production of excited fragments, since the
baryon capture in the ground states has a very low probability according to the
reaction phase space. As was established in studies of normal nuclear matter the
excitation energy of big spectator residues may reach several MeV per nucleon
[8,15]. We obtain very broad mass distributions of both normal fragments and
hyper-fragments, see Fig. 1. There are a lot of large fragments corresponding to
the spectator residues. They concentrate in the regions of the projectile/target
rapidities. The coalescence is mainly responsible for the lightest fragments and
gives a contribution at all rapidities. The yields of coalescence fragments fall
exponentially with A. We believe light hyper-fragments can be used for study-
ing hyperon and nucleon interactions. Whereas moderately excited big hyper-
fragments are suitable for the investigation of hyper-matter properties. Impor-
tant features of hypernuclei production in relativistic ion collisions related to the
projectile/target hyper-residues were discussed in Refs. [2,3,4,5,6,7,8,9].
2 De-excitation of coalescence fragments
Fig. 2. Fragments formed from participant nucleons in the midrapidity region in lead
on lead collisions at projectile energies of 1 and 2 GeV per nucleon. The dynamical stage
and participant nucleons were calculated with DCM. Left panels: mass yields of excited
fragments as obtained with CB model, and ones after de-excitation of these fragments
via Fermi-break-up (FB) process. Right panels: transverse momenta distributions of
3He (top) and 4He (bottom) fragments, before and after the de-excitation of fragments.
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In this proceedings we concern the de-excitation process of light coalescence
fragments produced abundantly in the midrapidity zone. Namely this zone is
under study with the modern detectors [11,12]. We show in Fig. 2 that at in-
termediate projectile energies around 1 GeV per nucleon primary coalescence
clusters including tens of nucleons can be formed, and they undergo the follow-
ing de-excitation. Here all dynamical participant baryons were generated within
the Dubna Cascade Model (DCM) [8], while for the secondary de-excitation of
clusters the statistical Fermi-break-up (FB) model was adopted, which was gen-
eralized for hypernuclei [5]. It is expected that the fragments become smaller
after de-excitation (left panels). In addition, their isospin content changes and
this can be seen in particle correlations. Important unstable states can be inves-
tigated in this way. We have also found an interesting isotope effect: In central
collisions of big nuclei at low energies (less than 400 MeV per nucleon) the yield
of 4He nuclei can be larger than 3He ones as a result of this de-excitation. (Note,
that within a pure coalescence picture the yields of small clusters are always
larger than big ones.) However, if we increase the projectile energy the yields of
3He become again larger than 4He ones, since the primary hot fragments will
have smaller sizes. The kinetic energies of fragments change after de-excitation
too. As seen from the right panels for helium particles the momentum distri-
butions become steeper and maximums are shifted toward low energies. This is
a consequence of that large primary fragments are formed by coalescence from
slow baryons. We believe the extension of the coalescence towards hot clusters
and their de-excitation is the qualitatively new development and it is consistent
with the reaction physics.
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